This case study presents the tale of the academic discovery of a rare mutation for early-onset Alzheimer's disease that was patented by a sole inventor and licensed to a non-practicing entity (NPE), the Alzheimer's Institute of America (AIA). Our aims are (1) to relate this story about patents, research tools, and impediments to medical progress, and (2) to inform ongoing debates about how patents affect research, disposition of university inventions, and the distribution of benefits from publicly funded research. We present an account of the hunt for Alzheimer's genes, their patenting, assignment, and enforcement based on literature, litigation records and judicial decisions. While AIA's litigation eventually failed, its suits against 18 defendants, including one university, one foundation, and three non-profit organizations were costly in court years, legal fees, and expert time. Reasons for the failure included non-disclosure of co-inventors, State laws on ownership and assignment of university inventions, and enablement. We discuss the policy implications of the litigation, questioning the value of patents in the research ecosystem and the role of NPEs ("patent trolls") in biotechnological innovation. The case illustrates tactics that may be deployed against NPEs, including, avenues to invalidate patent claims, Authorization and
This case study is a cautionary tale about a patented genetic discovery, a double mutation in a gene conferring high risk of Alzheimer's disease. The patent was licensed as a research tool to expand understanding of the molecular and genetic basis of Alzheimer's disease. Our goals are first, to relate an intricate, fascinating story about patents, research tools, and impediments to medical progress and, second, to inform ongoing debates about whether and how patents can affect research, disposition of ownership of university inventions, and the just distribution of benefits from publicly funded medical research.
Randall Rader, in his dissent as former Chief Judge of the US Court of Appeals for the Federal Circuit (CAFC) in Momenta Pharma. v Amphastar Pharma, concluded that 'patents on research tools and biomedical innovations do not significantly slow the pace of research and do not deter researchers from pursuing promising projects'. 1 Patent owners, he said, do not sue researchers because 'experiments do not produce income or a source of damages'.
2 Indeed, disclosure in patent documents 'encourages publication and sharing of research results'. 3 Our case study is a counterexample to temper Chief Judge Rader's sanguine assessment. While it describes an unusual outlier example and is not an argument against patents, this case study suggests that without a clear research exemption, or other mechanisms to enable access to research tools, biomedical researchers can face patent infringement litigation that imposes significant costs and slows down both academic and commercial scientific inquiry.
The story began in the early 1980s with research into the genetics of Amyloid Precursor Protein (APP) and its linkage to early-onset Alzheimer's disease. Key researchers were active in Europe and the USA. Patents on a particular double mutation, APPswe, were filed in the early 1990s, listing a clinician-researcher, Dr Michael Mullan, as sole inventor. The patents covered nucleotide sequences coding for a rare double mutation identified in two Swedish families. The patents also claimed cell lines, transgenic mouse models, and assay and screening methods incorporating the mutation. The institutions that hosted the research were deliberately excluded from the patent rights. Stakeholders 1 686 F.3d 1348, 1375 (Fed. Cir. 2012) at 1375 (summarizing academic literature and policy reports that find a lack of data to support the anticommons hypothesis at). affected by the patents included other researchers and their institutions, pharmaceutical and biotechnology companies, philanthropists, foundations, and venture capital firms. The lead researcher, Mullan, assigned key patents to a non-practicing entity, the Alzheimer's Institute of America (AIA), which enforced rights against research uses. The patent rights were used to generate revenues, but the disposition of those revenues is difficult to trace. AIA may have sponsored some of Mullan's further research but is not acknowledged as a funder in the research publications from Mullan's team. 4 The families from whom the mutations were isolated received none of the financial benefits, and are likely unaware that their mutation was used to enrich one researcher and a venture capitalist with the result of impeding Alzheimer's research. Ironically, after nearly a decade of litigation, claims in the patents might or might not have been deemed valid under current patent jurisprudence. 5 We will never know, because the patents were deemed invalid based on inappropriate assignment and inventorship.
The case study is of interest because it illustrates a non-practicing entity (NPE) using patent rights over research tools to extract revenue from those striving to understand and treat Alzheimer's disease. AIA's enforcement against non-profit research institutions caused considerable consternation in Alzheimer's research circles. The case study touches on key points in ongoing debates about the value of patents in the research ecosystem. Did patent rights create incentives to do the research? Almost certainly not, at least for the initial discovery, since the samples were collected and grants secured long before the patent story began to unfold. How were contributions to the research evaluated and rewarded? How did legal frameworks enable university ownership, even without federal funding in the USA? How was enforcement of patent rights against nonprofit research institutions enabled, and who was benefited? What mechanisms were brought to bear to mitigate the impact of the enforcement litigation? The case illustrates many mistakes in how patents were granted, administered, and enforced, but, in the end, the legal system rectified many of these errors, albeit after long delay and at great expense.
We begin with a brief account of the genetics of early-onset familial Alzheimer's disease and the discovery of the APP gene, then move on to the patents, and finally discuss patent assignment and enforcement: the resolution of many infringement lawsuits, and the lessons learned. Our account is based on data available in the public record from disparate sources: scientific publications, patents, news and commentary, biographies, and most importantly, litigation records and judicial decisions. The legal proceedings include findings of fact by the district court judge and/or jury based on the evidence presented. The role of the trial judge (and the jury in some details) is to assess the credibility of documentary evidence and oral testimony. This assessment leads to an accounting of what 'really' happened, even though in litigation, there are by definition 4 We examined the acknowledgements section in 197 publications authored by Michael Mullan accessible in the SCOPUS database (http://www.scopus.com) from 1992 to 2014. We found no record of acknowledgement of the Alzheimer's Institute of America or its principals. On the other hand, Mr and Mrs Roskamp and their research foundation were acknowledged in a substantial number of publications dating from 1995. Other funding came from pharmaceutical and biotechnology companies, state and federal funding agencies, disease foundations, and the US Government. publications, predominantly in Science and Nature. According to those engaged in the races for the Alzheimer's genes, patents were secondary to scientific priority. The prospect of commercial gain was considered, but not dominant. Autobiographies from the era describe shifting allegiances and collaborations among research groups, especially with respect to the biological samples shared. 20 Some researchers had close relationships with members of the families studied and their clinicians. The Hardy team was one of many, internationally, that was seeking the gene(s) responsible for EOAD. Also in the hunt were multiple groups in the USA, Europe, Japan, and Australia. This research depended on clinical diagnosis of Alzheimer's disease, biological samples from the patients and other family members, and detailed pedigrees. 22 In pedigrees of 4000 known descendants with sixty known cases of the disease, it was clear that EOAD was caused by a genetic mutation.
Two key lines of evidence directed the hunt toward chromosome 21. First, individuals with Down syndrome, caused by an extra copy of chromosome 21, accumulate an amyloid protein similar in structure to individuals with Alzheimer's disease. 23 In
NAT. GENET. 330, 334 (1992); Christine Van Broeckhoven et al., Mapping of a gene predisposing to early-onset
Alzheimer's disease to chromosome 14q24.3, 2 NAT. GENET. 335, 339 (1992). According to TANZI & PARSON, supra note 19, at 151, there were rumors of piggybacking given the timing of the papers. Van Broeckhoven claimed that she first identified the linkage but was waiting to identify the gene. Hearing of the other papers, she raced to print. However, 'the most rumor-driven collision was between Hyslop and the Hardy-Mullan team' (TANZI & PARSON, supra note 19, at 152). St George-Hsylop's paper was submitted to Nature and sent to the Hardy/Mullan team, among others, for review. They faulted it on the basis of St George-Hyslop's prior linkage in the same families to chromosome 21; it was highly unlikely that the individuals carried two mutations. Nature rejected the paper 'and Hyslop, rumor had it, felt that Hardy and Mullan had delayed his paper's publication for the sake of completing their own chromosome 14 paper' (TANZI & 194, 194-202 (1985 addition, Rudolph Tanzi 24 was constructing a linkage map of chromosome 21, making it a particularly inviting target for etiological research. 25 Despite the evidence, however, initial testing of linkage of EOAD to markers for Down syndrome was negative. 26 But, further testing in some families 27 showed a genetic linkage to a different region that contained the APP gene. 28 In 1987, four papers were published almost simultaneously that mapped the APP gene to chromosome 21 and sequenced portions 29 or all of the gene. 30 Unfortunately, later that year, researchers found no linkage between any of the Alzheimer's families and the APP gene. 31 Thus, the hope for a quick answer for the cause of Alzheimer's in the spring rapidly began to evaporate by September of the same year.
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At the same time, researchers at the University of Leiden in the Netherlands had shared samples of families with a rare condition known as the Dutch disease. 33 In 1990, two groups linked the disease to the APP gene. 34 This evidence inspired Hardy's team to check its EOAD samples for mutations in the same region on chromosome 21. His team found a mutation close to the Dutch disease mutation 35 in samples from a small British family 36 , and the same mutation in a second family's samples that they received from Dr Allen Roses, 37 samples on which Dr Roses had found a linkage to chromosome 24 Rudolf Tanzi was then a Ph.D. student in the lab of Dr James Gusella at the Massachusetts General Hospital. 25 21. However, no samples from the other 22 families kept by Hardy's group carried the mutation. His team published this first Alzheimer's mutation in the APP gene in Nature. 38 This paper was the first to link a genetic mutation with the molecular basis of Alzheimer's disease and became the most cited publication in the biomedical literature in 1991. 39 The paper was not merely famous, but infamous as well, causing great controversy in the Alzheimer's research community for omitting Roses as a co-author. 40 Science Watch labeled research on the APP gene as the 'hottest corner of biology'.
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The mutation became known as the 'London mutation'.
After the publication of the London mutation, teams around the world looked for the mutation in their EOAD families. One was found in France and three in Japan, but the mutation was obviously rare. 42 Indeed, in the end it became obvious that the initial publication by St George-Hyslop claiming linkage to chromosome 21 was wrong. As explained by Tanzi in Decoding Darkness:
because of Hyslop's finding that hinted at something amiss on chromosome 21, John Hardy's lab had determined it too had a family linked to chromosome 21. Yet while the original [Massachusetts General Hospital] data turned out to be false 43 , the Hardy team's linkage to chromosome 21 was the originally suspected APP gene! "It was a bizarre conundrum that the original linkage report from Mass General was wrong". Recounts John Hardy, "Bizarre, because it was wrong in the right place".
44

Commercialization of the London mutation
At this point in the narrative, issues of commercialization begin to enter the story, setting the stage for later discovery of the Swedish (APPswe) mutation. The findings of fact in the litigation start at this point, with the discovery of the London mutation. 45 Judge Savage of the US District Court for the Eastern District of Pennsylvania outlined the history of the London mutation because this negative experience impacted Hardy and Mullan's subsequent commercialization endeavors. 46 In January 1992, the Imperial College of Science, Technology and Medicine filed for a US patent that claimed the nucleic acid sequence encoding a codon 717 mutant of human APP 770 and associated cDNA and cell lines. 47 The patent listed Hardy and Mullan, along with Marie-Christine Chartier-Harlin, Alison Goate, and Michael Owen as inventors. According to Judge Savage, technology transfer officers at Imperial Exploitation Limited ('IMPEL') erroneously advised the team that UK law prohibited 38 Chartier-Harlin, supra note 36. 39 55 The sequencing confirmed a double APP gene mutation affecting codons 670 and 671. The results were published in Nature Genetics in 1992 with Mullan as the corresponding author using his USF affiliation. 56 Also included among the authors on the paper were Winblad and Lannfelt from the Karolinska Institute, Houlden from Imperial College, and Fiona Crawford from USF. Notably absent as co-author (and even from the acknowledgements), however, was Hardy, because Mullan and Hardy 'agreed that Hardy's name would not be included on any publication related to the Swedish mutation'. 57 In addition, the only funding sources acknowledged on the paper are Swedish: the Swedish Medical Research Council and the Tore Nilson Fund. Other publications from the Mullan-Hardy team between 1991 and 1993 cited support from the Medical Research Council, the Wellcome Trust, and a variety of disease charities, among others. 58 According to the judge and jury that sifted through trial documents and testimony, the sequencing was structured deliberately to avoid ownership claims by Imperial College. 59 Indeed, Judge Savage concluded: 'Having the sequencing done in Florida rather than in London could have been seen by the jury as nothing more than a step in the furtherance of the conspiracy to avoid the inventions becoming the property of Imperial College or Athena'. 60 Leaving Hardy's name off the publications seems consistent with this conclusion as well. At the time, Hardy was still employed at Imperial College, and both Mullan and Crawford were still Ph.D. students. 61 Imperial College, like most universities, required disclosures of inventions by staff and students; it also required assignment of ownership rights. 62 Such disclosure and assignment were not made.
Indeed, Mullan claimed that he was not a student at Imperial College in 1992 although he was still working on his dissertation at that time.
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In 1992, Mullan, Hardy, and Sexton engaged a UK law firm, Clyde & Co., to draft a letter to USF asking for a waiver of any rights USF may have to any 'inventions made by them, whether before or after the date of the letter', which would include any rights in the Swedish mutation. 64 The USF President of Research, Dr George R. Newkome, signed the letter on May 4, 1992, but changed the language to 'before August 15, 1992'. However, the letter did not specifically make reference to the Swedish mutation, which was discovered while Mullan was already employed at USF, and USF's knowledge of this discovery was disputed years later, during the litigation.
A day after the letter was signed by all parties, Sexton incorporated the AIA as a Florida for-profit corporation on May 5, 1992, for 'the purpose of holding and exploiting the rights to the Swedish mutation'. 65 AIA issued its first annual report in 1993, naming Sexton as President and Mullan as Vice President and treasurer.
Following the publication on the Swedish mutation, Mullan sought US patent protection as sole inventor (see Table 1 ). The first patent application was filed in June 1992 and a patent issued in October 1995. 66 A second patent application, also naming Mullan as sole inventor, was filed in March 1997 and granted in August 1998, claiming the polypeptide of the APP protein with the Swedish mutation (Table 1) . Finally, in March 2007, Mullan filed another continuation application claiming transgenic mice that contained the APPswe mutation, again as sole inventor. That third patent was granted in May 2009, fully 17 years after the initial patent application was filed. 67 The third patent claimed transgenic mice carrying the Swedish mutation as well as screening methods for an Alzheimer's therapeutic agent using such mice (see Table 1 ). Mullan assigned his rights in these patents to AIA.
In The nucleic acid encodes an amino acid other than lysine at codon 670 and/or an amino acid other than methionine at codon 671. The cell expresses the human APP or a fragment of it; (2) the same claim that includes codon 717, with an amino acid other than valine; and (3) a method of screening for an agent for treating Alzheimer's disease that involves contacting the claimed cell with an agent and monitoring the expression or processing of APP or fragments thereof.
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The mouse that trolled r 225 71 Mullan moved to the Roskamp Institute, off campus in Sarasota, the home of Robert Roskamp, a 'businessman and USF benefactor who contributed $5 million to set up the center'. 72 Mullan resigned from USF in January 2003 'after a USF investigation concluded that he had sexually harassed one woman and created 'a serious risk' of violating university policies in his pursuit of personal relationships with women in his lab'.
73 Nature News reported that Mullan, after resigning from USF, filed a civil lawsuit for defamation against the former USF researcher he had allegedly harassed in 1997. . 73 Id. 74 Id.
r The mouse that trolled
The Roskamp Institute was set up as a non-profit organization in 2003, and its website stated that it was affiliated with the AIA. 75 Until 2003, the Roskamp Institute was part of the USF, and in 2009, Mullan became its executive director; it spun out Archer Pharmaceuticals in 2008 with Mullan as chief executive officer and chief scientific officer, and with Fiona Crawford as associate chief scientific officer. 76 The company specialized in targeted drug discovery for Alzheimer's disease. Archer Pharmaceuticals was also listed as a collaborator in early trials of nilvadipine in Europe that Trinity College led, beginning in 2006. 77 At Roskamp, Mullan continued his relationship with Ronald Sexton and the AIA, located in Kansas City, Kansas, as well as with its affiliated charitable AIA Foundation located in Sarasota, Florida. These two entities had similar names, with one for-profit and the other non-profit. The Directors of AIA were listed as Sexton and Marjorie E. Curran. Those of the non-profit AIA Foundation, founded in 2010, 78 were listed as Michael Mullan, Brian Sexton, and Jamison Sexton (now at Roche Diagnostics). According to separate websites for both entities, partnering organizations included the Roskamp Institute, the Green-Field Library, and Archer Pharmaceuticals prior to May 29, 2011. The AIA website listed the Swedish mutation patents among its holdings, but contained no information on commercial or academic licensing opportunities. The current website links for licensing the APPswe patents from AIA are inactive. Figure 1 shows linkages by co-authorship of publication on the APP gene up to the end of the 1990s, with the bulk of research papers on the genes generated by researchers at the University of Heidelberg, Germany (the Konrad Beyreuther-Gerhard Multhaup-Colin Masters cluster). Other central groups are led by Frangione, van Broeckhoven, and Hardy. Hardy's group includes his students-Mullan, Crawford, and Houlden-and links to Dr Alan Roses and two Swedish researchers, Drs Bengt Winblad and Lars Lannfelt. The Gusella group includes St George-Hyslop and Tanzi. The research communities (differentiated by color) in this graph have limited connectivity, illustrating the competition between the separate teams in the 1990s that were racing to find and characterize mutations on the APP gene. In the 2000s (Figure 2 ), the field became more widely dispersed. Notably, there is far more connectivity among the research communities. Colin Masters' research 80 On Oct. 9, 2014, we searched the NCBI Gene database (National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/gene) for the APP gene. We then selected all 1939 citations in the PubMed database (US National Library of Medicine, National Institutes of Health, http://www.ncbi. nlm.nih.gov/pubmed) linked to the APP gene record in the NCBI Gene database. We exported these in XML format and parsed out the PubMed IDs (unique publication identifiers). We then searched a second proprietary publication database, SCOPUS (Elsevier, Scopus, http://www.elsevier. com/online-tools/scopus) for the PubMed IDs, because the data it returns are in a format more amenable to bibliometric analyses. We constructed a dataset of APP gene publications (n = 1869). We disambiguated the authors' names by hand, ensuring that authors did not appear more than once, if, for example, they had publications using either their first or first and middle initial. We used Gelphi continued in Australia. Masters also continued collaboration with the German researchers Beyreuther and Multhaup. The Swedish researchers, Lannfelt and Winblad, increased their publications in the field. Others from the 1990s, such as Tanzi and Frangione, continued to publish. New clusters of researchers entered the field. Hardy, in collaboration with Goate, continued with a smaller number of publications on the APP gene. However, the researcher who claimed a sole proprietary interest over one key mutation, Michael Mullan, is notably absent as a co-author on any paper, although he continued in the field of Alzheimer's research.
THE LITIGATION
The patent lawsuits over Alzheimer's research, in general, and the Swedish mutation, in particular, run against perceptions that publicly funded researchers are immune from between them. Gelphi identifies communities of authors (represented by different colors) using algorithms that identify discrete groups of nodes with dense connections internally, but sparse connections between groups (Kyoungok Kim, Improved Churn Prediction In Telecommunication Industry by Analyzing a Large Network. 41 EXPERT SYS. APPLICATIONS 6575 (2014)). 81 Id. We used the same method to generate patent infringement litigation. The central enforcer was AIA, an NPE created to exploit the Swedish mutation patents. Defendants included pharmaceutical and biotechnology companies as well as public and private research institutions. In five lawsuits, AIA asserted its patents against 18 separate defendants, including one university, one foundation, and three non-profit research organizations. The litigation consumed at least 18.7 cumulative court years in six jurisdictions; engaged at least 98 lawyers on the record (39 engaged by non-profit research organizations, foundations, and universities); and entailed 1143 court filings (docket entries) for motions, pleadings, complaints, certifications, demands, notices, affidavits, stipulations, etc. (Table 2) . 82 AIA was not successful in any litigation; all cases were dismissed with no dispositive finding of patent infringement (Table 2) .
While protracted and intricate civil litigation without a clear disposition on the merits is common the USA, it is also a hallmark of patent trolls that sue multiple practicing entities simultaneously. It should be noted that the structure of US federal civil litigation is designed to favor private settlement and procedural resolutions over substantive decisions. This structure favors trolls, whose business model is, in part, based on extorting royalty payments that are lower than the costs of defending a patent suit. Avoidance of dispositions on validity of patents likewise benefits trolls, whose patent holdings likely include some of questionable validity. Here, we present a chronological account of litigation that directly or indirectly involved AIA and its patents over the Swedish mutation. The patents expired in October 2012. Phoenix Pharmaceuticals, Inc.
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The mouse that trolled r 231 After close to a decade, there was no dispositive outcome on the patent issues at bar in AIA v Mayo. However, since Mayo agreed to license the transgenic mice patent carrying the Swedish mutation from AIA, 87 it is worth digressing from the main tale to discuss another patent infringement suit brought by Elan Pharmaceuticals against the Mayo Foundation, in which the AIA patents played a key evidentiary role. It is also important to note that this case over cell lines contradicts Sexton's contention that AIA did not sue non-profit research organizations. 88 Sexton claimed that AIA's license to Mayo over transgenic mouse lines facilitated their distribution to the research community and acted as evidence that AIA's intent was not to impact Alzheimer's disease research by the academic sector. However, AIA continued the suit with Mayo over cell lines. To that extent, AIA was, indeed, enforcing its patents against academic researchers at Mayo. In 1996, Irish pharmaceutical company Elan acquired the California-based Athena Neuroscience, valued at $630 million USD. 90 Athena Neurosciences, Inc., was founded in 1986 and specialized in 'discovery, development and marketing of products and services to be used primarily by neurologists for the treatment and diagnosis of neurological disorders'. 91 With the acquisition, Elan gained control over the London mutation patents that Imperial College had licensed to Athena Neuroscience, as well as other Alzheimer's-related patents. The two patents that Elan asserted against the Mayo Foundation in 1999 were US Patent No. 5,612,486 ('Transgenic Animals Harboring APP Allele Having Swedish Mutation') with a priority date of October 27, 1993 and US Patent No. 5,850,003 (same title, except 'Rodents' substituted for 'Animals'; same priority date). The patents claimed rodents with the Swedish mutation that produce ATF-betaAPP in detectable quantities in mouse brain homogenate. Inventors on the patents were Lisa McConlogue and Jun Zhao; both were researchers at Athena Neurosciences and then at Elan. No one on the Hardy team was listed as a co-inventor.
Elan claimed that Mayo infringed its patents by making, using, and selling mice that overexpress APP. News coverage of the litigation noted concern within the neuroscience research community about the chilling effect on Alzheimer's research, which at the time had few animal models. 92 The concern was exacerbated by Elan's subpoena of the laboratory notebooks of key researchers, including some who had made their own transgenic mouse models. 93 More than 50 academic research groups and a dozen pharmaceutical companies accessed Mayo's transgenic mice, some of which were based on the work by Karen Hsiao's team at the University of Minnesota. That group created 87 Dalton, supra note 73. 88 The mouse that trolled r 233 Tg2576 mice, which expressed amyloid in the brain. 94 Mayo licensed Hsiao's mouse as well as AIA's '258 patent for a transgenic mouse expressing an APP 670/671 (APPswe) mutation in order to be able to distribute the mouse models through Taconic, a commercial mouse breeder and distributor. 95 As Mayo licensing executives explained:
Mayo has covered the cost of breeding and genotyping Tg2576 mice that are free of specific pathogens... [M]any mice have been distributed to academic researchers. Recipients were asked only to pay a nominal fee, primarily to defray the shipping charge. Despite the lawsuit, we will continue to support Hsiao Ashe in distributing Tg2576 mice to academic researchers.
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To further improve accessibility for researchers, Mayo also changed its licensing practices to remove a reach-through provision. That provision had retained rights for Mayo to purchase rights to any intellectual property generated using the Tg2576 mice through a negotiated agreement with mutually acceptable terms. 97 Elan, on the other hand, closely held its mice for its own pharmaceutical development efforts, which never resulted in an FDA-approved treatment for Alzheimer's disease.
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Mayo's motion for summary judgment on the invalidity of the patents was granted by Judge Alsup of the Northern District of California. 99 The issue was whether the AIA's '258 transgenic mouse anticipated the Elan transgenic mouse patents, rendering Elan's patents invalid for lacking the required novelty. 100 The prior art must expressly or inherently describe all of the elements and limitations of the invention as claimed in the patent being evaluated. However, the prior art need not have been put in practiceMullan himself never made transgenic mice-but merely must be disclosed fully and clearly enough that someone of ordinary skill in the art could have made the invention.
Judge Alsup initially concluded that the '258 patent anticipated Elan's patents because it described a variety of methods to make a transgenic mouse, and Elan had, in fact, used one of these. In terms of the distinguishing feature of Elan's patents that the mice had to produce detectable quantities of ATF-betaAPP; he concluded that such mice were simply a subset of the transgenic mice claimed in the '258 patent and were covered by its claims. He therefore invalidated the patents Elan had asserted against Mayo. Coverage of the decision exclaimed 'Neuroscientists worldwide can continue to enjoy access to an important transgenic mouse used for research into Alzheimer's disease'. However, this optimism was short-lived, as Elan appealed the decision to the US CAFC. 102 The CAFC disagreed with Judge Alsup, accepting Elan's argument that 'Mullan does no more than teach broad known "recipes" for gene transfer, and that the Mullan disclosure is simply an invitation to experiment, with no assurance of success'. 103 The CAFC also observed that '[a]lthough Mullan described known procedures for making a transgenic animal, he neither described every element of the claims, nor taught, in terms other than by trial and error and hope, production of a transgenic mouse having detectable ATF-betaAPP in brain homogenate'. 104 The CAFC therefore concluded that 'a novel patented product is not "anticipated" if it did not previously exist'-and that the invention claimed by Elan's patents did not previously exist, at least as far as Mullan's '258 patent was concerned.
105 Since Mullan did not make a transgenic mouse, and he did not state which of the methods for making transgenics might work in practice, his patent did not anticipate Elan's.
The 2002 CAFC decision was, however, not the end of the litigation. In 2003, the CAFC issued an en banc decision that vacated (replaced) the earlier CAFC decision on anticipation. 106 The 2003 judgment concluded that Elan's arguments were more appropriately characterized as encompassing enablement. 'Enablement requires that "the prior art reference must teach one of ordinary skill in the art to make or carry out the claimed invention without undue experimentation".' 107 Whether experimentation is undue requires consideration, from the point of view of persons experienced in the field of invention at the time of the filing date of the patent. 108 The experimentation, therefore, must be more than purely routine, 109 but it is not necessary for the disclosed invention to have actually been made.
The The mouse that trolled r 235 not suggest which, if any, of the methods and vectors he cites might reasonably be predicated to succeed in producing a mouse operatively harboring the Swedish mutation.
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Since Judge Alsup had not considered enablement arguments in his initial judgment, the CAFC remanded the case back to the District Court for reconsideration, with instructions to assess whether the enablement criterion was met. However, the District Court never had the opportunity to rule on enablement. On November 12, 2004, Elan and Mayo settled the legal dispute that allowed both to use a range of research tools, including the Tg2576 mouse.
111
If reconsideration based on enablement had, in fact, occurred, it would likely have been to the detriment of Mayo. The CAFC opinion in 2003 recognized strong arguments that the '258 patent did not enable Elan's patents (see discussion below), in which case Elan's patents would have been valid and enforceable. This same argument, however, casts doubt on the validity of the '258 patent, since patents require sufficient disclosure specifications to enable a person of ordinary skill in the art to make the invention claimed. While it was never fully litigated, the CAFC's analysis clearly suggests the '258 patent was potentially invalid due to incomplete enablement.
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There are two further points that arise from this litigation. First, the CAFC (2002) posed a pertinent policy question. In response to the dissent, Judge Newman stated that:
although our colleague postulates "serious and unfortunate consequences in the future" if the Elan mouse is deemed patentable, others may believe that without the possibility of a patent on a new transgenic mouse, the hypothetical mouse envisioned by Mullan might well remain no more than a hypothesis.
It is clear from the record, however, that Judge Newman's concern was, while understandable, demonstrably misplaced. Patent incentives were not the driving force for researchers to create most of the transgenic mouse models for Alzheimer's research. Indeed, Hsiao's mice were created, and they were freely distributed to the community for further research. The Tg2576 mouse had become one of the most widely used transgenic models for Alzheimer's, despite uncertainties about user rights. 113 Many groups around the world were attempting to generate mouse models. globally as live mice, sperm, or embryos. In the 1990s, lack of transgenic mouse models was due to technical complexities, not lack of commercial or patent incentives.
Second, when Elan asserted its patents against the Mayo Foundation in 1999, He enjoyed record profits of more than $1 billion USD annually. It is clear, therefore, that the aim of the litigation was primarily to safeguard the value of Elan's in-house Alzheimer's research by limiting the supply of research models to rival companies. 115 While this business decision was based on patent rights, and might be contrary to the norms of sharing within the research community, it fits squarely within the patent system's economic justifications of exclusivity and competitive advantage for a company that was practicing the patent. Mayo was, via Taconic, distributing its licensed mouse lines to industry for up to $850,000 per breeding pair and was therefore a target for suit, with resulting implications for academic researchers in access to research tools if Mayo were forced to cease distribution. 116 From a societal/public policy perspective, the Elan case also presents the cautionary tale of 'putting all eggs in one basket' through the monopolization of key research tools for pre-clinical research. In 1999, Elan researcher Dale Schenk and his team raised the possibility, using Elan's transgenic mouse model, that immunization with amyloid-β might be effective in preventing and treating Alzheimer's disease. 117 Elan commenced phase I clinical trials in 104 participants from the US and UK, testing the safety of various doses of synthetic A-beta 42. Preliminary results were encouraging and news coverage hailed the approach as revolutionary with the potential to change the therapeutic landscape for Alzheimer's disease. 118 Investment analysts were bullish: after the completion of the successful phase I trial, shares of Elan were trading at over $60 USD.
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With a new partner, Wyeth-Ayerst, Elan began enrolling 352 participants with mild to moderate Alzheimer's disease in a phase IIa multicenter clinical trial in Europe and the US Then, on January 17, 2002, the trial was suspended because four French participants developed encephalitis. By March 1, a total of 15 participants had developed encephalitis and the trial was permanently halted with concomitant reductions in value of Elan stocks. 120 Thus, Elan's approach had failed like most therapeutics in phase II.
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The Elan case, therefore, represents a clear case where a broad and diverse research base can be preferable, as a matter of public health policy, for addressing a disease as devastating and complex as Alzheimer's disease. It is important to pursue a wide range of therapeutic approaches. Such research must be supported by easy access to research tools, such as transgenic mice. This example shows that aggressive enforcement of patents over research tools stifled research by increasing its costs while there was little 115 evidence that patents created the key incentives to develop such tools. 122 To the extent that patent incentives were important to Elan, the patents were used to restrict competing research by blocking access to transgenic mouse models of Alzheimer's disease despite the questionable scope of Elan's patents over those mouse models. Judge Newman's concern for losing patent incentives to create new transgenics was backwards in this particular case. The prospect of patents was not a crucial incentive for transgenic model development, but instead patents were actually used to block access to transgenic mice that had already been developed. (Table 2 ). Several patents held by AIA 'describe the use of assays, cell lines, and animal models including the APP Swedish mutation'.
123 Some of the defendants sold APPswe-containing peptide sequences and other reagents. However, many of the defendants settled, and litigation against the remaining, Elan and Eli Lilly, was subject to the disposition in AIA v. Avid RadioPharmaceuticals et al., discussed below.
We now turn to the litigation against the Jackson Laboratory (JAX). AIA asserted only its '258 transgenic mouse patent against JAX, alleging that 22 of the mouse strains in the JAX repository infringed its '258 patent. 124 In 2011, AIA attempted to amend its claim also to enforce the '160 Patent which it 'inadvertently failed to assert'.
125 US Magistrate Judge Laporte denied the amendment motion largely because the delay of adding it would derail the scheduled steps in the litigation, in particular, a Markman hearing on claims interpretation. The delay would unacceptably increase litigation costs.
Magistrate Judge Laporte described JAX as 'a non-profit academic institute that uses and sells transgenic mice as a research tool, including for use in Alzheimer's research'.
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JAX supported community academic and publication standards as well as being National Institutes of Health (NIH) contractor to make mice used in research available to researchers. 127 Funding a public repository such as JAX lessened the burden on individual laboratories and enabled wide use of transgenic Alzheimer's mouse models.
128
Judge Laporte agreed with JAX's opposition statement that: the majority of the mice available from Jackson's Alzheimer's repository sell in low volumes, and Jackson loses money on sales of mice from low volume strains. Jackson is 122 As previously discussed, if Mullan's '258 patent were enabled and valid, then Elan's patents on transgenic mice could not be, meaning that at least Elan's patents provided no incentive for invention of transgenic mice as a research tool, International Mouse Strain Resource (IMSR), supra note 112. 123 therefore only able to distribute the accused Alzheimer's mice through the generosity of private philanthropy and federal government (NIH) grants.
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Further, JAX 'provides the accused mice only to non-profit researchers, and loses money doing so'. 130 In addition, 'patent litigation relating to its mice is chilling progress towards an Alzheimer's cure'.
131
Concern about the chilling effect of patent litigation on research was a theme in media coverage of the case. 132 Quoted from an interview, David Einhorn, JAX in-house counsel, reiterated a continued commitment to distributing the mice but worried that 'moving forward, people may be less willing to donate mice to our repository, or even use [Alzheimer's disease] mice because of the fear of being drawn into litigation'.
133 He explained that institutions had been reluctant to deposit mice into the JAX Alzheimer's disease repository because, even though scientists might be willing, their institutions: have felt hamstrung, or at least confused, by the complex patent landscape surrounding research tools involving [the Swedish mutation], APPswe. As such, patents or pending patent litigation have impeded [Alzheimer's disease] research for much of the past decade by making it hard to obtain key [Alzheimer's disease] mouse models or make new ones.
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In at least one instance, Einhorn was aware of an institution that AIA had threatened withlitigation demanding a substantial license fee. Despite the threats, the institution sent the mice to JAX, although some years later. He claimed that 'Jackson is selling the mice and making quite a lot of money in the process. Furthermore, the mice Jackson is selling are, in many instances, being used for commercial purposes-not academic purposes'. 137 As an example, he cited the fact that JAX provided the mice to University of Pennsylvania (Penn) researchers, who then used the mice to develop commercial imaging agents. Penn then spun out a company, Avid RadioPharmaceuticals (Avid), which was then acquired by Eli Lilly for up to $800 million USD.
138 US patent law's explicit statutory framework for commercializing university research makes Sexton's argument particularly relevant. 137 Id. 138 Id. 139 The most recent milestone in patent law's experimental use doctrine was effectively its abolition in Madey v. Duke Univ., 307 F.3d 1351 (2002), but the literature long before recognized the problem of distinguishing academic versus commercial (or basic versus applied) research for purposes of patent infringement analysis.
academic institutions, and indeed highlights important questions about the proper role of commercial motivations in academic research that is also publicly funded. 140 However, JAX's greatest concern during the litigation was the AIA demand that JAX reveal the names of researchers to whom it had distributed mice. 141 JAX refused to settle because that would mean handing over the names of researchers who would then face potential lawsuits. 142 Geneticist Mike Sasner of JAX stated in an interview, 'We knew [AIA] was prepared to sue those researchers if any developments came as a result of their using the mice [as they had done to the University of Pennsylvania]. At that point, we realized we needed somebody to intervene, and that the government had an interest in doing this'. 143 JAX was left with the impression, from these demands for scientists' names, that AIA intended to assert its patents against the institutions of Alzheimer's disease researchers who had either developed novel APPswe lines, or who had used lines distributed by JAX for research. For this reason, in a letter dated December 15, 2010, JAX requested support from the National Center for Research Resources (NCRR).
144 JAX cited funding support from NCRR and the fact that the AIA patent over the transgenic mice, as the result of a continuation application in the US Patent and Trademark Office (USPTO), was granted only in 2009, 17 years after the first patent over nucleotide sequences was filed in 1992. AIA sought not only damages, but also the discontinuation of JAX's distribution of the 22 mouse models for Alzheimer's research. If this had succeeded, the foremost center for distributing Alzheimer's disease animal models for research would have been hamstrung. Citing other AIA litigation, JAX also emphasized the fear of litigation that had spread throughout the academic community, hampering the deposit, and distribution of mouse lines.
In practical terms, JAX requested that NCCR confirm that 'the federal government supports and stands behind Jackson's distribution of Alzheimer mouse strains'.
145
Authorization and Consent. 146 The effect of Authorization and Consent is to relieve a government contractor-in this case, JAX-from patent infringement liability, effectively shielding JAX from infringement lawsuits and substituting the federal government as defendant in the event that a patentee still wished to pursue claims of infringement.
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As in this case, Authorization and Consent may be granted post hocduring infringement litigation.
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On June 17, 2011, NIH Director Francis Collins agreed to provide JAX with Authorization and Consent to use and manufacture any US patented invention to access, develop, and distribute transgenic mouse models of Alzheimer's disease under specific grants to JAX from NCCR, the National Institute on Aging, and NIH. The letter covered the 22 mouse strains that were the subject of the litigation and that had been brought to JAX under the support of a grant from NCRR. On August 10, 2011, litigation against JAX was dismissed without prejudice, with each party bearing its own attorney fees and costs. 149 In the agreement between the parties, dated August 9, 2011, AIA agreed to a covenant not to sue JAX for any past or future infringement. JAX denied all AIA infringement allegations. NIH Director Collins affirmed that 'provision of these important research tools to scientific investigators... is critical to the advancement of our understanding of Alzheimer's disease and to the development of new diagnostics and treatments for this devastating disease'.
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The dismissal of the suit against JAX was widely hailed as positive. Einhorn stated:
[W]e hope and trust that the dismissal will encourage researchers and institutions who have been inhibited by the fear of being sued to use mouse models in their Alzheimer's research... As well, we trust that the intervention of the NIH on behalf of Jackson will encourage researchers who develop new mouse models, both of Alzheimer's and other major diseases, to provide them to the Jackson mouse repository so they can be shared with the rest of the research community. . For 'Authorization and Consent', two conditions must be met: the activity must be conducted for the government, meaning it is 'in furtherance and fulfillment of a statement of government policy' which serves the Government's interest and is for the Government's benefit; and second, the authorization or consent of the Government, which may be express or implied (Madey, and for Judge Savage to grant either judgment in AIA's favor as a matter of law or else a new trial. The 2013 Memorandum Opinion by Judge Savage addressed this post-trial motion and added clarity to the jury verdict. 161 Here, we summarize both the 2011 and 2013 Memorandum Opinions.
The two arguments against standing brought by the defendants were that (1) Mullan was not the sole inventor on the patents and therefore the patents were invalid and (2) even if Mullan were the sole inventor, the ownership of the patents vested in USF by virtue of Mullan's employment at USF and the operation of Florida law. We address inventorship and ownership in turn.
Inventorship
The inventorship issue hinged on whether others should have been named as coinventors on the AIA patent. 162 Inventors are individuals who contribute to the conception of the patentable invention, 163 and joint inventorship is governed by the Patent statute. 164 Each inventor must be named in a patent application. The initial statements of defense stated that members of the Swedish team should have been named as co-inventors. 165 In AIA's suit against Mayo and Myriad (Table 2) , Lannfelt, at least had been deposed on the issue of inventorship. 166 Lannfelt and Winblad had allegedly claimed co-inventorship at the time the patents were still pending but had failed to disclose the dispute to the USPTO. 167 In an interview with AlzForum, Lannfelt stated that following his visit to Hardy at Imperial College, the sequencing of the Swedish samples was split between Mullan (exon 16) and Lannfelt (exon 17). The mutation was located on exon 16, and the ensuing publication had Mullan as first author and Lannfelt as last. As he recalled: 'It was a good collaboration and I have never regretted it. Then [Mullan] told me he was going to take out a patent and said you can only have one name on it. This was untrue. But in 1992, I knew nothing about patenting mutations'. 168 In terms of the discovery of the APP gene, Lannfelt stated, 'I would have found the mutation without Mullan, though later. He would never have found it without us'. Mullan, on the other hand, claimed that Lannfelt and Winblad did not deserve recognition on the patents because 'they only provided DNA, and made no intellectual contribution'. 169 At trial, the issue of inventorship focused on whether team lead, Hardy, should have been named as co-inventor. As an inventor, Mullan made a legal 'oath and declaration' that he believed himself to be the original and first inventor. Since the issuance of the patent created a presumption that Mullan was the sole inventor, the onus was on the defendants to prove otherwise by 'clear and convincing evidence', a standard only slightly more relaxed than the stringent 'proof beyond a reasonable doubt' necessary in criminal law. Given the degree of collaboration between Hardy and Mullan, it was reasonable for the jury to conclude that the invention was 'the product of a collaboration between two or more persons working together to solve the problem addressed'.
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That collaboration need not have been coincidental in time or in location. The joint inventor need only have made 'a significant contribution on the road to and not necessarily at reaching conception'. 171 The evidence of Hardy's contributions was supported not only by Hardy, but also by contemporaneous documents, such as laboratory notebooks and correspondence, and witnesses who had been part of the Imperial College research team. Both Hardy and another team member testified that Hardy and Mullan held off sequencing until they arrived in Florida and this 'could have been considered by the jury as both attempting to deceive Imperial College and USF.... the jury could have concluded that omitting Hardy as a co-inventor on the patent application was part of the ploy to defraud Imperial College and Athena'. 172 The evidence showed that Hardy was involved in, and directing, the process to discover the mutation, leading to the conclusion that he substantially contributed to the invention.
Ownership and waiver
The issue of initial ownership of the patents is central because, if Mullan never owned the patents, then he had no ownership interests to assign to AIA, meaning that AIA also could not own and enforce the patents. Mullan conceived of the inventions when he was employed at USF, and Hardy was employed by both Imperial College and USF. The issue of ownership, therefore, was answered in the first instance by Florida law, which vests ownership of any inventions developed or discovered by an employee in the course of employment with USF. 173 Employees of USF are under a duty of disclosure to the University, 174 but USF reserves the right to relinquish its ownership interest. Because Mullan was an employee of USF and pursuing Alzheimer's disease research, which he was hired to do, ownership of the patents automatically and immediately vested in USF by operation of Florida law. In such a case 'the inventor has no property rights to assign, and any purported assignee lacks standing to sue for patent infringement'. The real issue, therefore, was whether Florida knowingly waived its rights to the invention. Under the law, the inventor had the duty to disclose the invention at which time USF could elect to transfer its rights to the employee. However, to be effective, such an assignment or release of rights 'must contain a provision that the invention remains available royalty-free to the State of Florida for government purposes'. 176 The 'unequivocal' evidence for waiver relied on by AIA was the letter signed by the Vice President of Research on May 4, 1992, that stated, '[A]ll ownership of rights in any work carried out by [Hardy and Mullan] and inventions made by them before August 15, 1992 belong exclusively to Hardy and Mullan'. 177 However, there was evidence that would have led a reasonable jury to conclude that: 'Newcome did not intend to waive USF's rights to the Swedish mutation invention'.
178 Evidence showed USF administrators were aware of Hardy and Mullan's intellectual property disputes with Imperial College and wanted to draw a line between work done in the UK on the London mutation and work done at USF. USF administrators believed that Mullan was in the process of setting up Hardy's laboratory and, therefore, could not have started new work at USF. They were unaware of his off-campus sequencing of the Swedish mutation. The cut-off date in the letter reflected time for Hardy to complete work at Imperial College and the start of the new semester at USF. 179 No further actions or correspondence showed that Newkome was ever aware that the Swedish mutation had been discovered while Mullan was employed by USF. In conclusion, '[t]he jury's determination that USF did not knowingly and intentionally waive its rights because Newkome lacked sufficient knowledge to waive a known right was amply supported by the evidence'.
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Appeal to the CAFC Following the jury trial and the 2013 Memorandum Opinion denying AIA's motion for a new trial, Sexton stated:
for almost 20 years, AIA has been and continues to be the record owner of title to the Swedish mutation patents... Michael Mullan's inventive contribution to the discovery of the Swedish mutation and the resulting invention was not disputed in the litigation and remains unchallenged. Per its policy, AIA will not comment further on pending litigation, other than to state that it remains ongoing in the trial court and will likely continue in the US Court of Appeals for the Federal Circuit. 181 176 Id. citing FLA. ADMIN. CODE ANN. R. 6C4-10.012(3)(e)(2)-(3). 177 Alzheimer's Inst. Of America, 2013 WL 3305738, supra note 6, at 5. 178 Id. 179 Savage, J. stated, 'there is ample evidence to support a finding that at the time he signed the May 4, 1992 letter, Newkome had no knowledge of the discovery of the Swedish mutation invention and consequently could not have known that it had been discovered while Mullan was employed at USF. (Table 2 ) was discontinued. 184 The only outstanding legal actions involve disputes over costs, all of which were awarded against AIA. However, some defendants, such as the Mayo Foundation, agreed to licensing terms on some inventions and many of the co-defendants in the Elan litigation had settled. 185 As noted by Landhuis (2012) : 'One question raised by the recent court finding is that defendants in previous suits brought by AIA who have chosen to settle may now consider suing AIA on the argument that AIA never had standing to bring infringement claims on a patent it did not own'.
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LEGAL ANALYSIS OF PATENT VALIDITY
The AIA's litigation failed, but it is worth briefly reviewing substantial legal barriers that would have stood in the way of patent enforcement even if AIA had been deemed the rightful owner of patent rights. The claims in the APPswe patents were, as noted, highly vulnerable on grounds of enablement for the transgenic mouse claims. But what about the claims on the methods and the DNA molecules claimed in the patents?
Both method and composition of matter (DNA molecule) claims would also have been quite vulnerable to challenge, because the claimed invention was based on finding APPswe mutations in DNA derived from human samples. Patent claims covering those mutations would therefore contravene Justice Clarence Thomas's unanimous Supreme Court decision of June 13, 2013, which states: 'a naturally occurring DNA segment is a product of nature and not patent eligible merely because it has been isolated, but that cDNA is patent eligible because it is not naturally occurring'. 187 Claims to APPswe mutations themselves, or isolated DNA containing them, would thus be invalid, although DNA constructs engineered to create cell lines and transgenics would be eligible to patent. Such claims to engineered DNA would have to be new, useful, non-obvious, fully enabled and adequately described. Given the state of Mullan's science at the time of patent application, which largely amounted to having discovered the 182 
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While the validity of the patent claims granted to Mullan is moot because the patents were invalidated on grounds of standing and inventorship, the question of whether patent rights on transgenic animal models were granted appropriately to Mullan nevertheless bears scrutiny because of the centrality of the transgenic mouse claims in all the litigation that followed from having discovered the APPswe mutations. Given the CAFC's analysis of enablement in the Elan litigation, it seems likely the USPTO granted patent claims for transgenic mice with APPswe mutations prematurely and to the wrong inventor. 190 The '258 patent claimed an APPswe transgenic mouse (Table 1) , which expresses the human APP or a fragment thereof with the Swedish mutation. 191 The specifications, under the heading 'Production of Transgenic Animals with Mutant APP Allele', describe methods for the generation of the nucleotide sequence construct for insertion into the mouse, followed by very short descriptions for preparing the DNA for injection, microinjection, and one sentence on identifying a transgenic mouse. The patent references only a generic laboratory technique manual that arose as a result of courses at Cold Spring Harbor. 192 Few researchers could make transgenic mice in 1992. Core facilities for mouse model work were in their infancy. The first publication on a mouse containing foreign DNA, generally inserted via pronuclear injection of mouse zygotes, was first published in 1980 193 with first expression of a transgene in 1981.
at the laboratory. 196 Evidence for the novelty and complexity of the creation of transgenics in the early 1990s is the fact that researchers could announce new transgenic mouse models in high impact journals, which is no longer the case. 197 This certainly suggests that a patent that claimed transgenic mice in 1992 would likely have been non-obvious over the state of the prior art. The inventive gap would have been large between the prior art and the claimed transgenic mice, counseling in favor of separate patentability of transgenic animals beyond mere discovery of a mutation sequence. The broader the patent claim, the more detailed the patent disclosure must be in order to adequately fill that inventive gap with enabling instruction. In other words, if an invention is clearly non-obvious because ordinary skill in the art is low, then the inventor tends to face a greater disclosure burden to more fully raise that level of skill. Conversely, if a sparse disclosure is enough because ordinary skill in the art is high enough to fill the gaps, then that higher level of skill also tends to undercut nonobviousness. By design, the requirements of non-obviousness and enablement are in some tension with each other so that the public may enjoy the full benefit of the patent bargain by receiving broad instruction in exchange for granting broad patent rights. The problem with the AIA patents was inadequate enablement, for the state of the art grew slowly despite the patent disclosure.
It was not until February 1995 that researchers at Athena Neurosciences, Exemplar Corporation, Lilly Research Laboratories, the Scripps Research Institute, the University of California at San Diego, and the Laboratory of Clinical Science of the National Institute of Mental Health published in Nature the first transgenic mouse model that overexpressed the V717F β-amyloid precursor protein. 198 According to Penn pathologist John Trojanowski, this was the 'first mouse "that really shook the world"'. 199 Indeed, Tanzi, describes it as a 'sensational discovery', and in an accompanying article, Karen Duff and Hardy stated that 'creating such a model [as the Athena mouse] has been no easy task'. This paper goes on to pose questions about 'the production of these remarkable animals'. 200 These relate to the technical difficulties and uncertainties in producing the models: what element of the construct was crucial to its success (the promoter, the use of introns or the use of mutations?) Will mice containing one or more pathogenic mutations carried on full genomic constructs... be even better?... The answers to many of these questions [including about the pathophysiology of Alzheimer's disease] will now come quickly, especially if these mice are made available to the general research community. Clearly expanding and distributing colonies of the mutants should be a priority. 201 The latter quote from Hardy is ironic given his own attempts to patent transgenic mouse models of the London mutation and license these to Athena while still at Imperial College.
According to Tanzi: the Athena mouse model originally had been engineered by scientists at the biotech company TSI, Inc. Apparently, TSI didn't realize how earthshaking its mouse line was, for Exemplar-a division of TSI-put the model up for sale. Athena, upon close scrutiny of the mouse, saw that it was both greatly overexpressing A-beta and producing an Alzheimer's like pathology and immediately bought out Exemplar.
The model, in its development through the summer of 1996 had 'fifty-some Athena researchers perfecting it'. 202 Yet, Athena, as discussed above, was reluctant to share the model that was so central to its drug discovery efforts.
A mouse model of the Swedish mutation did not eventuate until October 1996, more than four years after the APPswe mutation was published. The transgenic mouse incorporating APPswe was developed by Karen Hsiao at the University of Minnesota. 203 This was the model distributed by Mayo under a licensing agreement with AIA. However, most importantly, a transgenic mouse with a single mutation was still not a useful model for Alzheimer's disease and drug testing, because it did not demonstrate all of the pathophysiology of the disease. 204 The more valuable transgenic animals, which became the industry standard, had multiple mutations to better model brain plaques, including adding mutations in the presenilin genes. 205 Nevertheless, with all the resources of academia and the biotechnology and pharmaceutical sectors combined, it took four years from Mullan's claims for other researchers to make an APPswe transgenic mouse.
In conclusion, it is clear that in 1992, the creation of a transgenic mouse, by a sole inventor who was a clinician/geneticist with no background in transgenic or mouse research, was highly speculative at best, and granting patents rights on transgenics based on DNA sequence of the mutation was a mistaken evaluation of the state of the art by the USPTO. Three to four years of intensive work by large teams to produce an APPswe transgenic mouse is a solid working definition of 'undue experimentation', the criterion for invalidity of a patent based on enablement. The USPTO lapse is particularly concerning given the 17-year examination history of the AIA patents at the USPTO-the transgenic mouse patent issued only in 2009 and to the wrong inventor. The continuation problem compounds the fact that AIA did not seem to enable the full scope of what was claimed in its broad claims over transgenic mice. It represents an example of how inadequate enablement can impede downstream research, two decades after the law changed to limit continuation abuse. The case thus also became an instance of 'submarining', in which a prior patent is enforced a subsequent inventor who actually reduces the invention to practice. The situation arose here because the priority date was in 1992. All applications filed as of June 8, 1995, and later can gain in strategic issuance delay only what they give up in post-issuance patent term (because the expiration date is 20 years from the priority date of application rather than 17 years from the patent's issuance date). 206 In other words, the APPswe transgenic animal patent was an instance of a systemic problem that was recognized as such and addressed through legislation.
This case instantiates the threat of patent trolls emerging with invalid claims that have been improvidently granted by the USPTO. Examiners spend only limited time with each application and patent offices expend limited resources on initial reviews; both cause problems in rapidly evolving fields. 207 Commentators have noted the substantial error in examination at patent offices, 208 and the issue has been raised as compounding the impact of NPEs, such as AIA. 209 A recent report on Patent Assertion and US Innovation points to the need for clearer patents with a high standard of novelty and non-obviousness. 210 Faster and less expensive mechanism to challenge the validity of patents, such as the new process for post-grant review implemented by the America Invents Act, are a promising step to enable rapid review of questionable and overly broad claims that impact research.
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POLICY IMPLICATIONS-ABERRANT FACTS OR TIP OF THE ICEBERG?
This case has implications for policy. One key question is about the value of patents in the research ecosystem; another is about the role of NPEs or patent assertion entities, such as AIA. In 2012, NPEs filed 62 per cent of IP infringement suits in the USA, a tripling since 2010. 212 Biotechnology in general, and biomedical research in particular, are vulnerable to increasing litigation from NPEs in that there is uncertainty in both the scope of claims and potentially infringing activities. 213 Assertions of patent infringement are costly to counter; defendants bear the cost of investigation to furnish evidence that their activities have not infringed the patents. In addition, patent litigation ranges from $1-6 million (USD), or even more, depending on the complexity of the case. In light of costs and uncertainty, many defendants settle (as was the case for most defendants here). Settlement amounts:
are affected more by the parties' relative opportunity costs of going to trial and attitudes towards risk factors that favor [NPEs], whose legal fees are low (since they do not have to provide much evidence to assert there has been patent infringement), and who do not sued in a patent infringement suit, 224 all contribute to curbing the litigation excesses of NPEs. With respect to enhanced standards for pleadings, to increase the investigational costs for plaintiff NPEs, on 22 September 2014, the Judicial Conference of the US approved the elimination of Federal Rule 84. The elimination means the end of bare bones pleading forms set up in 1934. The Judicial Conference recommended that SCOTUS approves the change to bring patent pleading in line with recent jurisprudence from that court. 225 However, the CAFC has resisted heightened pleading in patent lawsuits. 226 Further legislative reforms were brought in by the America Invents Act, which may be helpful in some circumstances, especially in challenging overly broad and questionable claims through the new process for post-grant review. 227 This mechanism provides a faster and less expensive administrative mechanism than litigation to challenge the validity of patents. Such a mechanism might have been helpful in challenging AIA and has been available in Europe for some time. The European patent opposition system provides third parties with a post-grant opportunity to challenge the validity of European patents without litigation. 228 Challenges may be brought before the European Patent Office because the patent matter is not an invention, its subject matter is excluded under European patent law, or claims fail one of the three patentability criteria: novelty, inventive step, and industrial application. 229 In the case of NPEs bringing suits against publicly funded researchers and their institutions, the most comprehensive solution would be a statutory research exemption. The USA has no research exemption or compulsory licensing authority, although the US Government does have use rights subject to 'reasonable compensation' to a patentholder. Madey v Duke University made clear the very limited research exemption under US case law 230 -there are fewer constraints on exclusive patent rights reaching into research in the US. Indeed, the precedent set by Madey suggests that universities and other research institutions in the USA are not exempt from infringement liability just because they are doing research, and this underscores the desirability of a research exemption. However, recent debates over a research exemption in the America Invents Act further illustrate complexities of legislative reforms. Early drafts of the US patent reform bill included a research exemption, but it did not become law. One problem was in the definition-it is difficult to draw clear distinctions between non-commercial research covered by a research exemption, research that is translational, and research with commercial intent. However, Australia has recently clarified its research exemption in its 'Raising the Bar' Act of 2012. 231 In line with some European jurisdictions, Australia allows research on and invention rather than research with the invention, thereby protecting the commercial interests of research reagent companies.
A further mechanism might be a compulsory licensing authority. Such authority was contemplated but rejected in the 1952 revisions to the US Patent Act, 232 to the chagrin of some legal scholars, who presciently predicted its absence would cause future problems. 233 The Australian Government also has authority to invoke compulsory licenses, and 'Crown use' provisions (for government purposes) that provide escape valves when rights holders thwart public interest. 234 Those authorities are the subject of a recent report and recommendations for reform. 235 The USA has no equivalent compulsory licensing authority within its intellectual property laws like other jurisdictions; 236 however, the US Government does have use rights under both the Bayh-Dole Act and Title 28-Judiciary and Judicial Procedure. 237 The Bayh-Dole Act was enacted to promote commercialization of governmentfunded research. It enabled universities and other institutions that received federal government grants to own resulting patents. However, in allocating rights in inventions developed in the course of a federal funding agreement, the US Government retained a 'nonexclusive, nontransferrable, irrevocable, paid-up license to practice or have practiced for or on behalf of the USA any subject invention throughout the world'. 238 In other words, the entity receiving federal funding must grant to the federal government a license in subject inventions and must notify the federal government of those inventions. In addition, the US Government has march-in rights to compel the patent holder to grant it 239 a license under specific circumstances related to the public interest.
240
While the NIH, in particular, has received four requests to exercise its march-in rights, it has never done so. 241 In contrast to the Bayh-Dole Act that applies to federally funded inventions, Authorization and Consent under 28 U.S.C. § 1498 is a form of eminent domain whereby the federal government may take private property for public use subject to 'fair compensation' to a patent-holder. 242 It permits the US Government, or a contractor/subcontractor acting on its behalf, to use a US patent without the consent of the patent holder. It has the effect of limiting the remedies available to the patent holder to fair compensation for the use of the invention, but excludes the most common remedies in patent infringement suits-injunctions and damages. The provision is generally implemented through the inclusion of an 'Authorization and Consent' clause in Government procurement contracts, in the form specified by the Federal Acquisition Regulations. In this sense, the US Government provides Authorization and Consent to a contractor/subcontractor to use the patented invention for and on behalf of the US Government. 243 Authorization and Consent was utilized to protect JAX in the AIA litigation and most recently to enable the US activities within an international consortium to generate a research resource of knock out mouse for every gene in the mouse genome.
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Judicial action and rules for judicial proceedings Courts, particularly in the US, have been active in debates over access to research tools. SCOTUS ruled in June 2013, in a fight over Myriad's patents on BRCA genes associated with hereditary risk of breast and ovarian cancer, to invalidate patent claims on DNA molecules that could be found in nature. 245 In contrast, in September 2014, the Federal Court of Australia (FCA) unanimously upheld Myriad's BRCA1 gene patent claim, 246 explicitly rejecting SCOTUS' legal logic that drew a distinction between DNA molecules 'found in nature' and modified cDNA molecules, which remain patenteligible. One notable difference between the decisions was the degree to which the Courts worried about exclusive rights on information and tools needed to advance science.
While SCOTUS was primarily concerned with how patent rights might block, or 'pre-empt' science and upstream innovation far from commercial application, the Australian courts focused almost exclusively on the interests of prospective inventors and the value of a patent incentive to invest in discovery. The FCA mentioned detrimental effects on research only in passing, observing that Australia recently broadened its statutory research exemption from patent infringement liability as noted above. 247 The FCA emphasized that the patent claimed not information but DNA molecules manipulated in vitro. SCOTUS, on the other hand, noted that the molecules in test tubes were indeed 'isolated', but argued that claims on such molecules in effect gave exclusive rights to block access to DNA sequences, the storage and transmission medium of biological information. The many thousands of papers published on BRCA mutations that use DNA molecules produced in the laboratory, and the authors of most such papers, thus infringed claims that would appear to be upheld by the Australian court. It is apparent that the two courts relied on different mechanisms to protect research interests. The Australian court relied on the statutory protections for research outlined above, and SCOTUS, in the absence of these, focused on the definition of what can be patented to add clarity to the scope of patent claims. This is part of an ongoing trend. In addition to its unanimous Myriad decision, and the invalidated method claims on a diagnostic patent in Mayo v Prometheus (2012) noted above, 248 SCOTUS also invalidated claims on business methods in Bilski v. Kappos (2010) 249 and Alice Corp. v. CLS Bank International (2014). 250 The Court of Appeals recently invalidated method and DNA molecule claims that had not been challenged in the case that went to the Supreme Court. 251 The US Supreme Court has thus imposed constraints on patentable subject matter in a major patent case for four years in a row, and lower courts are abiding by the new jurisprudence. In response to changing SCOTUS jurisprudence, the USPTO issued guidance in March 2014 that aroused considerable controversy, and has recently been revised. 252 The Courts may also circumvent the stall in anti-patent-troll legislation in the USA The award of fees to the winner in the present case involving AIA is an early instance of what could emerge as a powerful judicial precedent that serves as a disincentive for NPEs asserting invalid patents. New legal rules make it easier to assess costs to losers in patent suits. The federal district court thus awarded legal fees to Avid, so AIA must pay not only its costs but also fees of the defendant it sued. 253 This measure was already on the books, but the rules for 'exceptional circumstances' in which they could be used were only recently loosened to address patent trolls. The former Chief Judge of the Court of Appeals of the Federal Circuit, Randall Rader, urged exactly this remedy to discourage patent suits based on invalid patents. 254 Legal scholars have similarly touted 'loser pays' rules as a potent tool both to dissuade enforcement of invalid patents as well as to discourage infringement of valid patents. 255 Proceedings to determine who pays the legal fees in Alzheimer's Institute of America v Avid Radiopharmaceuticals are entering the endgame supervised by a magistrate in Florida courts. 256 One problem with this procedure is that it is largely secret. We may never know the price AIA paid for losing this case, and yet the power of the 'loser pays' precedent depends on those contemplating litigation knowing the risks and costs.
Policies and guidelines
It is apparent from the APPswe case that institutional policies and guidelines, supported by State Law, also came into play. One reason that AIA lost its patent rights was by operation of Florida law, under which patent rights automatically vested in the USF. When patent rights are held by institutions, policies, and guidelines on how universities license inventions may significantly impact the role of NPEs. 257 The Association of University Technology Managers recommends some caution in licensing university technologies to NPEs, for example, and recommends best practices for licensing to preserve rights for research uses. 258 However, the guidelines are entirely voluntary, many institutions have not agreed to abide by them, and they may be trumped by increasing pressures on university technology transfer offices to generate revenue through technology licensing.
Other institutions also have significant abilities to curtail the impact of NPEs on the research community. Technically, NIH has some powerful interventions at its disposal that it rarely puts into operation: namely march-in rights under Bayh-Dole. 259 Rather than employing the latter in the present case, however, the NIH employed a more obscure process available to it under the Federal Acquisition Regulations. 260 Authorization and Consent, however, only applies to government contractors, and most researchers holding standard grants from NIH do not fall within this category. There is no case law to indicate whether this provision would apply to grants, and conventional wisdom holds that it applies only to government contractors, not grantees.
A further risk to research is aggressive licensing practices of patent holders against research uses. These were exemplified by DuPont's initial licensing terms for Oncomouse and cre-lox technologies in the 1990s that included reach-through terms and that imposed onerous reporting obligations on researchers. Cetus initially threatened to enforce its polymerase chain reaction (PCR) patents against academic researchers.
261
DuPont and Roche (which acquired most rights to Cetus's PCR patents) backed down from their most aggressive licensing terms, in the former case after intervention by the NIH to negotiate access for researchers. The NIH, in other words, can apply pressure on behalf of the research community for reasonable terms of access to research tools.
Other mechanisms
Finally, private actors are recognizing an opportunity posed by NPEs and are offering intellectual property insurance specifically directed toward the threat of suits brought
